Cardiovascular diseases are the major cause of morbidity and mortality in both men and women in industrially developed countries. These disorders may result from impaired angiogenesis, particularly in response to hypoxia. Despite many limitations, gene therapy is still emerging as a potential alternative for patients who are not candidates for traditional revascularization procedures, like angioplasty or vein grafts. This review focuses on recent approaches in the development of new gene delivery vectors, with great respect to newly discovered AAV serotypes and their modified forms. Moreover, some new cardiovascular gene therapy strategies have been highlighted, such as combination of different angiogenic growth factors or simultaneous application of genes and progenitor cells in order to obtain stable and functional blood vessels in ischemic tissue.
INTRODUCTION
Disorders directly dependent on tissue vascularity, such as coronary artery disease (CAD) or peripheral vascular disease (PVD), still remain a challenging and difficult entity to manage with current surgical and conservative medical approaches. Therefore methods for effective stimulation of new blood vessel formation are urgently needed. Such procedures leading to therapeutic angiogenesis are believed to significantly improve the quality of life and to prevent patients from early death.
There are two major forms of angiogenic factor administration, either as a recombinant human proteins (protein-based therapy) or by gene transfer [Freedman & Isner, 2002] . Despite some beneficial effects of the first strategy on the vasculature [Hendel et al., 2000; Laham et al., 2000] , randomized, double-blinded, placebo-controlled clinical trials have generally been disappointing [Henry et al., 2003 ].
When it turned out to be evident that transfer of therapeutic genes into somatic cells of experimental animals can cure disease, gene therapy became an interesting alternative to the protein-based therapy. Unlike the last one, gene transfer approach can provide the extended presence of the angiogenic factor at foci of limb or myocardial ischemia and long therapeutic effects after a single application with no increase in systemic levels [for a review see: YlaHerttuala & Alitalo, 2003 ]. In addition, it gives the possibility for selective local treatment of affected tissues.
Unfortunately, the progress from pioneering studies, which defined the ability to express transgenes in the hearts and vasculature of normal animals, to the development of a phase III clinical study for angiogenesis in patients with stable angina, required more than a decade of research [for reviews see: Pislaru et al., 2002; Yla-Herttuala et al., 2004; Pislaru & Simari, 2005] . After this time, we are still far away from routine clinical application of gene therapy tools. Undeniable, however, current clinical trials have also given many positive hints that these therapies may eventually be effective. Thus, it looks like the therapeutic success of these new approaches is achievable but, some technical problems and basic pharmacologic issues need to be solved and optimized before clinically significant results can be obtained [YlaHerttuala et al., 2004] .
Several conditions apply for successful therapeutic neovascularization. Functional and stable blood vessel formation, that will efficiently supply the ischemic region with oxygenated blood, is among them. Many preclinical studies have been performed in small animal models, such as mice, where transduction efficiency is usually much higher than what can be currently achieved in larger animals or humans [Yla-Herttuala et al., 2004] . Therefore, such conditions, as choice of angiogenic factor, proper route of administration, dose and gene delivery vector, need to be reestablished and optimized.
GENE DELIVERY VECTORS
The choice of an appropriate gene delivery system is the most crucial factor in the development of successful gene therapies. A number of vector systems have evolved over the years and they can be divided into two major groups: non-viral and viral vectors [for a review see: Dulak et al., 2006] . Non-viral vectors comprise plasmids or short-strand nucleic acids (anti-sense, DNA decoys, and small interfering RNA), which are delivered to the cells either in a so-called naked form or with the help of various chemical or physical methods. Plasmids are easy to produce and safe but their main drawback is a very low in vivo transfection efficiency resulting in weak gene expression [Verma & Weitzman, 2005] . Moreover, gene expression from plasmid vectors is transient and usually lasts only for 1-2 weeks, due to the lack of genomic integration and rapid degradation of the plasmids [Yla-Herttuala & Alitalo, 2003 ].
Plasmid-based angiogenic gene therapy generated a lot of hope. It has been created basing on the promising animal experiments and several uncontrolled clinical trials [for a review see Pislaru & Simari, 2005] . Surprisingly, although the efficiency of plasmid-mediated gene delivery appeared to be very low, further clinical trials have been still designed and carried on. Recently published data from the double-blind, randomized EUROINJECT-ONE trial reported some improvement of cardiac functions in patients receiving intramyocardially VEGFencoding plasmid by the NOGA-driven mode of delivery [Kastrup et al., 2005] . However, the careful analysis of the data can lead to the supposition, that it is impossible to delineate the effect of VEGF overexpression from placebo. The plasma VEGF level in both control and VEGF-plasmid treated patients before delivery was 70 ± 20 ng/l and 69 ± 14 ng/l, respectively. At one week after injection the VEGF level rose significantly almost two-fold, but the change was very similar both in patients receiving empty plasmid (140 ± 42 ng/l) and plasmid encoding VFGF (140 ± 30 ng/l). Although it has not been demonstrated what was the local expression of growth factor in patients treated with VEGF-encoding plasmid and control vector, the probability that it was different and higher in case of VEGF-plasmid is rather low. The data indicate in fact, that intramyocardial injection of plasmid is such a traumatic event for the heart muscle, that it induces high production of endogenous VEGF.
Similar rise in the level of VEGF, both in control patients and those receiving intramuscular injection of VEGF-encoding plasmid, was observed in another recent, double-blinded randomized study in patients with critical limb ischemia (CLI) [Kusumanto et al., 2006] . Also in this study the primary objective of significant amputation reduction has not been met, although significant and meaningful hemodynamic improvement and improvement in skin ulcers healing has been observed in patients treated with VEGF-plasmid [Kusumanto et al., 2006] . Therefore, all studies in which there were no hard proof of higher expression of growth factor (s) after vector delivery should be analyzed with caution in the light of possibility of potent placebo or treatment-related effects. The very low efficiency of plasmid-mediated gene therapy to human tissues indicates that this mode of direct treatment of heart or skeletal muscle should be rather postponed till the improved approaches will be available.
Viral-based vectors use their natural properties to infect cells, therefore they tend to be a very efficient tool to introduce therapeutic gene. Indeed, the majority of experimental and clinical studies in the field of gene therapy for cardiovascular diseases have shown a great advantage of the use of adenoviral, retroviral and lentiviral vectors.
Retroviral vectors posses the ability to integrate into the genome of the host organism. Two groups of retroviral vectors are being used: "classical" retroviral and lentiviral carriers. The first one is derived from animal oncoretroviruses, such as the murine Moloney leukemia virus. These vehicles were the first vectors used in a gene therapy clinical trial in the early 1990s [Culver et al., 1991] and still constitute the larger proportions of vectors used in clinical trials. It is a consequence of the properties of these vectors, which allow for stable integration into the genome of transduced cells and enable the permanent expression of a transgene. The limitation of oncoretroviral vectors is their inability to transduce nondividing cells and sensitivity to complement cascade, therefore, their transfection efficiency in vivo is very low [Laitinen et al., 1997] . Nevertheless, they can efficiently deliver genes in vitro to proliferating progenitor cells. In addition, this type of modification has enabled the treatment of severe combined immunodeficiency (SCID) in children lacking the gene for common γc chain of cytokine receptor [Cavazzana-Calvo et al., 2000; Cavazzana-Calvo et al., 2004; CavazzanaCalvo et al., 2005] .
Unlike oncoretroviruses, lentiviral vectors can transduce non-dividing cells. Therefore, those carriers found application in delivery to hematopoietic stem cells (HSC) and neural cells [Wiznerowicz & Trono, 2005 ], but they also may be efficient in transduction of tumor cells [Pellinen et al., 2004] and are particularly considered for gene therapy in relation to HIV infections [Morris et al., 2004] .
Some reports pointed at the potential use of lentiviral vectors also in the field of cardiovascular gene therapy, as they were able to efficiently transduce neonatal and adult cardiomyocytes in vitro and in vivo [Sakoda et al., 2003; Zhao et al., 2002] . Nevertheless, their application in humans still raises a lot of controversies, as both categories of retroviral vectors create the risk of insertional mutagenesis owing to random integration into the cellular genome [Schroder et al., 2002] . Although such events have been rarely observed in experimental trials, three cases of leukemia in SCID patients treated with gene therapy highlight the important concerns of the safety of this strategy [Cavazzana-Calvo et al., 2005; Couzin et al., 2005] . Additionally, the risk of lentiviral-induced oncogenesis has recently been underlined [Read et al., 2005] in relation to potential pro-oncogenic effect of woodchuck post-transcriptional regulatory element (WPRE) [Kingsman et al., 2005] , which is widely used in many gene therapy vectors in order to enhance transgene expression.
Inflammatory response and transient nature of gene expression are the major limitations in the application of adenoviral (Ad) vectors. They are very efficient in transducing various cell types irrespective of the stage of their cell cycle. In endothelial cells, a transduction efficiency in vivo up to 75% or more has been reported [Gruchala et al., 2004b] . However, the first generation of adenoviral vectors, which have been the most commonly used besides retroviruses in clinical trials [Edelstein et al., 2004] , still possesses a significant proportion of adenoviral genes. Therefore, in a short time after transduction, the immune response develops against viral proteins. This response may limit the time and level of expression of therapeutic genes.
PRE-EMPTIVE GENE THERAPY
Sudden occlusion of the blood vessel in the heart or lower limb leads to ischemia/reperfusion (I/R) injury. It refers to paradoxical damage of the tissue caused when blood supply returns to the tissue after a period of ischemia [for a review see : Pasupathy & Homer-Vanniasinkam, 2005] . The absence of oxygen and nutrients from blood creates a condition in which the restoration of circulation results in inflammation and oxidative damage from the oxygenderived free radicals rather than restoration of normal function of the organ. On the other hand, hypoxic preconditioning defined as brief episodes of ischemia is known to confer cytoprotection against I/R injury [Zhao et al., 2003] .
Preconditioning mediated cardioprotection is believed to be achieved through its ability to induce several cardioprotective genes and proteins, including some of the heat shock proteins (Hsp), manganese superoxide dismutase (Mn-SOD), peroxisomal catalase, glutathione peroxidase-1 (GPx-1) and heme oxygenase-1 (HO-1) [Das et al., 1993; Vahlhaus et al., 2005; Yang et al., 2003; Yoshida et al., 2001] . The expression of these stress-inducible and anti-oxidant genes and stimulation of their anti-oxidant enzyme activities may compose the defense system of the heart or limb enabling it to survive against ischemic stress by eliminating the oxidative assault.
The occurrence of I/R is unpredictable. Therefore, pre-emptive administration of a therapeutic gene by a vector that enables long-term expression may provide effective long-term protection against subsequent ischemia and cell death. Adeno-associated viral (AAV) vectors, that were shown to give long-lasting transgene expression can find a broad application in this field. The proof of the concept of a pre-emptive gene therapy has been demonstrated in several studies, in which activation of the expression of protective genes delivered to organs prior to dangerous ischemic event, was either constitutive [Agrawal et al., 2004; Pachori et al., 2006] or regulated by hypoxia [Pachori et al., 2004; Tang et al., 2004; Tang et al., 2005] (Fig. 1) .
Hypoxia-inducible factor-1α (HIF-1α) is a transcriptional activator that functions as a master regulator of cellular and systemic oxygen homeostasis [for reviews see: Maxwell & Ratcliffe, 2002; Zagorska & Dulak, 2004] . In normoxia, HIF-1α is constitutively generated in cells, however, it is immediately degraded. This degradation is dependent on the action of the oxygendependent prolyl hydroxylases, which by adding hydroxyl groups to specific proline residues (P402 and P564) present in so-called oxygen-dependent degradation (ODD) domain, creates the signal for von-Hippel-Lindau (VHL) ligase. VHL ubiquitylates HIF-1α, which is targeted for proteasome degradation. Decreased oxygen tension, occurring during tissue ischemia, stabilizes HIF-1α subunit. Stabilized HIF-1α forms heterodimer with HIF-1β, which is also constitutively expressed in cells, but more stable in the presence of oxygen than HIF-1α. These two subunits form a heterodimer that binds to hypoxia responsive element (HRE) present in the regulatory region of many hypoxia-inducible genes, such as vascular endothelial growth factor (VEGF) or erythropoietin. This mechanism allows to switch on adaptation processes, such as induction of angiogenensis, which restores the proper function of damaged ischemic organ.
The concept of protective hypoxia-regulated exogenous gene expression was recently intensively investigated in many experimental studies. Among them, quite interesting strategy, using two plasmid vectors, has been proposed by Tang and coworkers. The sensor plasmid harbored the ODD coding sequence of HIF-1α, inserted between the fragment encoding the yeast GAL4 binding domain (GAL4DBD) and p65 activation domain (p65AD). The effector plasmid encoded the HO-1 gene under the control of 6 copies of GAL4 activation sequence. Plasmids were injected into the mouse heart subjected to myocardial ischemia. The expression of ODD was specific for the cardiomyocytes as it was driven by the myosin light chain (MLC) promoter. Hypoxia stabilized the ODD and resulted in stabilization of the whole activation factor (GAL4DBD-ODD-p65AD), which by binding to the Gal4 binding sequence in the effector plasmid, induced locally the expression of a therapeutic gene in the ischemic heart. HO-1 overexpression attenuated the formation of fibrotic scar, the effect probably being related to the down-regulation of pro-apoptotic Bax, Bak, and caspase 3 levels and upregulation of anti-apoptotic Bcl-2 protein [Tang et al., 2004] . Despite this undoubted protective effects, introduction of the yeast GAL4 protein into humans is rather controversial.
Interestingly, the hypoxia-regulated exogenous gene expression approach has recently been implicated to modify murine mesenchymal stem cells (MSCs). HO-1 harboring vector was able to enhance the tolerance of engrafted MSCs to hypoxia-reoxygenation injury in vitro and improve their viability in ischemic hearts [Tang et al., 2005] .
Thus, the concept of hypoxia-induced exogenous gene expression seems to be suitable strategy for the treatment of ischemic diseases. The therapeutic gene is continuously present in the target tissue, but its expression is activated only in response to ischemia and quickly deactivated upon restoration of the perfusion. Nevertheless, one of the potential limitations of this approach may be trapping of the transcription factors by different regulatory sequences delivered to the cells in gene therapy vectors [Dulak et al., 2006] .
Agrawal and coworkers [Agrawal et al., 2004] have evaluated the pre-emptive gene therapy using constitutively overexpressed extracellular SOD (EC-SOD, SOD3). AAV-mediated delivery of EC-SOD, driven by cytomegalovirus (CMV) promoter, prevented the injury caused by myocardial infarction induced 6 weeks later. Importantly, analysis performed 16 months after gene transfer demonstrated the persistent increase of functional SOD in the EC-SODtreated rat ventricles.
In another study, Pachori and coworkers showed that prior delivery of AAV-HO-1 five weeks in advance provides significant protection against recurring multiple I/R injury in rats. Constitutive overexpression of HO-1 was able to prevent myocardial wall thinning, inflammation, fibrosis and aggravation of cardiac function. HO-1-mediated protection after repetitive I/R was associated with decreased apoptosis, due to significant increase in levels of anti-apoptotic proteins, bcl-2 and bcl-xl and reduction in superoxide generation in comparison to LacZ-treated animals [Pachori et al., 2006] . Similar amelioration of the I/R injury in heart, liver and skeletal muscle has been also demonstrated after pre-emptive delivery of AAV containing hypoxia-regulated HO-1 gene (Pachori et al., 2004) The sort of pre-emptive strategy was also applied by Depre and coworkers. They demonstrated, that transgenic mice with cardiac-specific overexpression of H11 kinase (H11K) were protected against myocardial necrosis and apoptosis as potently as wild type mice were protected by ischemic preconditioning exerted by six episodes of short I/R before a sustained ischemia of 45 minutes. Suggested mechanism responsible for this in vivo cardioprotection by H11K was the activation of survival pathways including Akt and the 5'AMP-activated protein kinase (AMPK), that pre-emptively triggered the anti-apoptotic and metabolic response to ischemia [Depre et al., 2006] .
The main advantage of the constitutive promoters, especially in the field of pre-emptive gene therapy, is the quick activation and the high level of expression of the therapeutic protein. On the other hand, once activated gene expression from the constitutive promoter can hardly be "switched off", what may result in deleterious side-effects related to the excess of produced factor. Moreover, recent data published by Salem and coworkers point at important possible interactions between the major immediate-early enhancer/promoter from human cytomegalovirus (MIEhCMV) and β-adrenergic agonists and antagonists [Salem et al., 2006] . β-adrenergic agonists (β-blockers) are drugs that bind to β-adrenoceptors and thereby block the binding of endogenous catecholamines (norepinephrine and epinephrine) to these receptors, leading to reduction in heart rate, contractility, conduction velocity and relaxation rate. Therefore, β-blockers are drugs of choice for angina, hypertension and heart failure. Intracellular signaling after ligand-mediated activation of β-adrenoceptors is mediated by intracellular adenosine-3',5'-cyclic monophosphate (cAMP). Activation of adenylyl cyclase by G-proteins coupled to the cytosolic domain of the β-adrenoceptor increases cAMP synthesis, which leads to activation of the transcriptional factor cAMP-response element-binding protein (CREB) by protein kinase A (PKA). MIEhCMV contains several copies of the cAMP-response element (CRE) [Montminy, 1997] . CREB binds to CRE and stimulates assembly of the RNA polymerase complex which promotes transcription [Montminy, 1997] . Interestingly, Salem and coworkers have demonstrated that after adenovirus-mediated porcine intracoronary gene transfer, β-blockade mediated by atenolol or propranolol reduced reporter gene expression driven by MIEhCMV by up to 250-fold compared with non-β-blocked animals [Salem et al., 2006] . These data stress the importance of potential interactions between gene therapy and pharmacotherapy.
NEW VECTORS IN GENE THERAPY
As mentioned already, one of the conditions of effective gene therapy is the choice of a proper gene carrier that will efficiently deliver the genetic material to the damaged tissue without causing deleterious side-effects. AAV has emerged as an attractive vector for gene therapy, because of their broad tissue tropism, efficient transduction, and lack of human pathology [for a review see: Grimm & Kleinschmidt, 1999] . AAV vectors are created from small, singlestranded DNA viruses. At least 11 natural serotypes of AAV have been described so far [Cearley & Wolfe, 2006; Gao et al., 2004] . They are termed serotypes 1 -11 in accordance with their unique serological (immunological) characteristics, and the sequences of isolation and characterization. Some serotypes are highly similar (AAV1 and AAV6), while others show considerable divergence (AAV2 and AAV5) [Blankinship et al., 2004; Wu et al., 2006] . Among all AAV serotypes, AAV2 has been most widely tested in pre-clinical and clinical studies. This provided evidence that AAV2 vectors possess many properties making them very attractive for therapeutic gene delivery to humans and to confer long-term gene expression [for a review see: Grimm & Kay, 2003] . Previously, this long-lasting transgene activity was explained by the ability of the wild-type AAV (wtAAV) to specifically integrate into the clearly defined site on chromosome 19 [Kotin et al., 1990] . Next findings demonstrated, that the integration requires Rep proteins encoded by one of two genes of wtAAV, lacking in the AAV vectors. Thus, rather episomal form of AAV persistence in the transduced tissue is currently suggested [McCarty et al., 2004] . It is believed that not the stable integration, but most probably the ability of AAV vectors to transduce non-dividing cells, such as myocytes or neurons without induction of immune response [Monahan & Samulski, 2000] , enables them the long-term gene expression.
Although the majority of AAV vectors remain in episomal forms, AAV vectors can randomly integrate in low proportions into the chromosomal DNA [Kay & Nakai, 2003 ], probably within DNA regions that are already damaged within treated cells. Despite this random integration, on the basis of data from plenty of normal animals treated with AAV vectors, as well as many clinical trials performed so far, there is no evidence to suggest that AAV gene therapy correlates with increased risk of cancer [Kay & Nakai, 2003 ].
The application of a new generation of hybrid Ad/AAV vectors was able to restore the ability of AAV vectors to specifically integrate into a specific site (AAVS1) on human chromosome 19q13.3-qter [Recchia et al., 2004] . As mentioned, this specific integration is dependent on the simultaneous expression of rep gene, which so far was omitted from the AAV vectors. A double reporter gene integration cassette, in the study by Recchia and coworkers, flanked by AAV ITRs and tightly regulated, drug-inducible Rep expression cassette, were carried by two different fully deleted helper-dependent adenoviral (HD-Ad) vectors. This Ad/AAV hybrid vector was believed to combine the large capacity and infectivity of adenoviral vectors with the ability of the AAV Rep protein necessary to direct the integration of AAV ITR-flanked sequences at AAVS1 region on chromosome 19. Indeed, this site-specific integration of a double-stranded DNA transgene into the human genome was obtained not only ex vivo in human primary cells, but also upon a single tail vein administration of a nontoxic dose (2 × 10 8 transducing units) of HD-Ad/AAV vector into transgenic mice carrying one copy of a 3.5-kb fragment of the AAVS1 on the X chromosome. AAVS1-specific integrations were mapped and sequenced in DNA extracted from the livers of animals in which activation of rep expression was induced by drug treatment [Recchia et al., 2004] .
Despite the potential of AAV-based applications, a number of limitations need to be overcome. A lot of studies revealed that some cells are refractory to AAV transduction and endothelial cells are among them, with efficacy as low as 2%-5% in case of the AAV2 serotype [Pajusola et al., 2002; Vassalli et al., 2003] . In contrast, efficacy in vascular smooth muscle cells can be as high as 20-40% [Buning et al., 2003; Gruchala et al., 2004a; Richter et al., 2000] . Another very important issue is that gene transfer is hampered by neutralizing anti-AAV2 antibodies, which are highly prevalent in the human population [Erles et al., 1999] .
In efforts to overcome these limitations, current investigations focus on the exploitation of other naturally occurring serotypes of AAV. Several preliminary studies have shown different tropism and transduction efficiency of various AAV serotypes on different cell types, when compared to AAV2 [Blankinship et al., 2004; Davidson et al., 2000; Rutledge et al., 1998; Xiao et al., 1999; Zabner et al., 2000] , although the primary receptors for most of them are not known. Few years ago, much better efficiency of AAV5 compared with AAV2 in the airways was shown by Zabner and coworkers . Basing on this, sialic acid which is an abundant sugar residue on the apical surface of the airways, was recently suggested to be the primary receptor for AAV serotype 5 [Seiler et al., 2006] . Significant advantage of AAV6 over AAV2 vectors have been shown in in vivo transduction of mouse lung epithelial cells [Halbert et al., 2001 ], skeletal muscles [Blankinship et al., 2004] and myocardium [Kawamoto et al., 2005] . Other studies demonstrated significant superiority of AAV1 and AAV5 over AAV2 in the efficiency to transduce the heart [Su et al., 2006] or muscle tissues Chao et al., 2001; Hildinger et al., 2001; Riviere et al., 2006] . A second administration of a different serotype-based AAV into the immunocompetent mice appears to be fully efficient. Therefore, cross-administration of AAV1, AAV2 and AAV5 is a very promising approach for skeletal muscle gene transfer, as it allows to overcome the risk of low gene transfer efficiency maintained by pre-existing immunity in the host organism due to an initial virus exposure [Riviere et al., 2006] . AAV9 has been recently isolated from human tissues [Gao et al., 2004] . Although the knowledge about the biology of this virus is still limited, it is currently believed to be a robust vector for cardiac gene delivery. AAV9 was shown to transduce myocardium much more efficiently (5-to 10-fold) than AAV8, resulting in over 80% cardiomyocyte transduction. What is even more important, this effect was achieved by systemic delivery through the tail vein injection of 1 × 10 11 viral particles (vp) per mouse [Inagaki et al., 2006] . Also, another study, where exactly the same dose (1 × 10 11 vp) of AAV2 genome cross-packaged into the AAV9 capsid (AAV2/9) was administered intravenously, showed that adult mice myocardium was readily transduced at the level of approximately 200-fold higher than after AAV2/1 hybrid vector [Pacak et al., 2006] .
Another, except myocytes, tempting target for gene therapy of cardiovascular disorders is in vivo expansion of endothelial cells in the vessel wall. Unfortunately, as mentioned already, levels of transduction of endothelial cells by AAV serotype 2 are low. This observation is linked to deficiencies in endothelial cell binding, virion degradation by the proteasome, and/ or sequestration of virions in the extracellular matrix rich in heparan sulfate proteoglycan -a primary receptor for AAV2 [Pajusola et al., 2002] . Previous studies suggested that, similarly to muscle gene transfer, it might be possible to improve the transduction efficiency of endothelial cells by using alternate AAV serotypes. Disappointingly however, other AAV serotypes failed to be more effective than AAV2. AAV serotypes 3 through 6 were shown to transduce endothelial cells with poor efficiency [Denby et al., 2005] . Moreover, proteasome degradation was a common limiting factor for endothelial cell transduction also by AAV7 and AAV8 vectors [Denby et al., 2005] .
Therefore, current strategies to improve transduction of different cell types, also of endothelial cells, focus mostly on modifications of AAV2 capsid (Fig. 2) . According to Choi and coworkers [for a review see: Choi et al., 2005] it can be achieved through: 1) transcapsidation [Hildinger et al., 2001] , 2) adsorption of bi-specific antibody to capsid surface [Bartlett et al., 1999] , 3) mosaic capsid [Gigout et al., 2005; Rabinowitz et al., 2004] , and 4) chimeric capsid [Hauck et al., 2003 ]. These procedures, especially adsorption of bi-specific antibodies, neutralize wildtype virus tropism and provide a new cell binding capacity. Novel vectors were shown to have a host range different from AAV2, and to escape the anti-AAV2 immune response [for reviews see: Choi et al., 2005; Grimm & Kay, 2003; Niklin & Baker, 2002] . These modified AAV vectors in many cases have enhanced tropism for different tissues and enable organ-specific transgene expression.
TARGETED GENE THERAPY
Construction of organ-targeted gene delivery vectors is a promising route to improve the safety and efficacy of gene therapy. The attachment of a receptor-specific ligand to the viral surface increases specificity of the virus to cells of interest. There are various so-called 'vector targeting' strategies, which have advanced substantially in the recent past owing to our increasing knowledge of viral biology and pathology as well as the detailing of mechanisms to alter virus-cell binding and/or internalization . One of the examples can be human venous endothelial cells-targeting peptides isolated by phage display and genetically incorporated into AAV capsids after amino acid 587. This position has been shown to be optimal for peptide insertion within the capsid to disrupt the interaction of AAV2 to its primary receptor heparan sulphate proteoglycan (HSPG) and to display the inserted peptide on the surface of the virion in order to re-target it for another receptor on the surface of the cell of interest [Nicklin et al., 2001a] . Such SIGYPLP-modified AAV (AAVsig) shows enhanced transduction of human endothelial cells compared with wtAAV capsid, independently of HSPG binding. The increase in gene expression after delivery of 10,000 particles of AAVsig per cell was reported to be about 6-fold higher for primary human umbilical vein endothelial cells (HUVEC) and 28-fold higher for primary human saphenous vein endothelial cells (HSVEC) in comparision to wtAAV [Nicklin et al., 2001a] . The approach of endothelium-binding peptides has been recently verified in vivo. Immunohistochemical analysis of mouse vena cava revealed selective expression of transgene in cells at the luminal surface of peptide modified-AAV but not wtAAV-or PBS-treated animals [White et al., 2004] .
In another study, a 14-amino-acid peptide L14 (QAGTFALRGDNPQG), containing an RGD motif, was inserted into the AAV2 cap gene. As RGD is the target for several cellular integrin receptors, this new vector can be used to infect cells displaying αvβ5 integrin, which are otherwise non-permissive to wtAAV2 [Girod A et al., 1999; Shi et al., 2006] . RGD modification of a mosaic AAV1 vector resulted in a 50-100-fold enhancement in endothelial cell gene transfer [Stachler & Bartlett, 2006] . These results suggest that modified AAV vectors hold significant promise for targeted gene delivery to the vasculature.
Another approach of targeted cardiovascular gene therapy is to use promoter/enhancer sequences capable of rendering endothelial-or myocardial-specific transgene expression. Nicklin and coworkers compared three different endothelial cell-specific promoters driving LacZ gene in adenoviral vectors. Among the fms-like tyrosine kinase-1 (Flt-1), intercellular adhesion molecule-2 (ICAM-2) and von Willebrand factor (vWF) promoters, only the first one, Flt-1, gave very high transgene expression and selectivity to in vitro cultured HUVEC cells and intact human vein -transduced ex vivo or after systemic administration [Nicklin et al., 2001b] . Also, endoglin promoter inserted upstream of the human endoglin cDNA expressed high levels of transgene in the endothelium of liver, lung and skin after systemic or local delivery [Velasco et al., 2001] . Moreover, expression of the thrombomodulin gene by AAV under control of the plasminogen activator inhibitor-1 (PAI-1) promoter has been reported to increase transgene expression 600-to 1000-fold compared with endogenous activity in endothelial cells [Mimur et al., 2001 ].
Selective overexpression of therapeutic genes in the diseased heart creates new strategy for the treatment of cardiovascular disorders. Recombinant adenoviruses containing the β-galactosidase reporter gene under the control of the 250-or 2100-bp rat ventricle-specific cardiac MLC-2v promoter were shown to have high cardiac specificity, when injected into the heart of adult rats in vivo [Griscelli et al., 1998 ]. Cardiomyocyte-specific overexpression of endothelial nitric oxide synthase (eNOS) inserted downstream of the α-myosin heavy chain (α-MHC) promoter, improved postischemic murine cardiac function by significantly reducing infarct size [Elrod et al., 2006] . Rat cardiomyocytes, infected in vitro with AAV vector encoding VEGF protein under the control of cardiac MLC-2v promoter or the HRE sequence, cultured under anoxic conditions strongly increased VEGF expression. Moreover, ischemic murine hearts injected with this vector had more capillaries and small vessels around the injection site, smaller infarct size, and better cardiac function than the negative controls [Su et al., 2004] . Protective effect of this kind of strategy has been also shown in transgenic animals. Overexpression of HO-1 gene under the control of the α-MHC promoter was shown to be restricted only to the mice heart. This selective overexpression protected hearts subjected to I/ R injury mostly by exerting anti-apoptotic effect [Vulapalli et al., 2002] .
MULTIGENE APPROACH
The most widely studied growth factors in therapeutic angiogenesis (also in clinical trials) are VEGF-A and basic fibroblast growth factor (bFGF, FGF2) [for a review see: Yla-Herttuala, 2003]. Gene transfer of these two agents, as well as other members of their families has been shown to induce functionally significant angiogenesis in many experimental studies of angiogenic therapy for ischemic heart disease [Giordano et al., 1996; Iwatate et al., 2001; Su et al., 2004] and peripheral arterial disease [Dulak et al., 2002; Rissanen et al., 2003b; Shimpo et al., 2002; Takeshita et al., 1996] . However, lack of expected benefits of this therapy in humans suggests that the stimulation of therapeutic angiogenesis for the treatment of cardiac or limb ischemia with only one growth factor may be insufficient or may potentially lead to tissue edema and death Lee et al., 2000] . Moreover, robust expression of VEGF in animal hearts after viral delivery resulted in the formation of unstable and permeable vascular network, that undergoes regression relatively fast [Blau & Banfi, 2001; Dor et al., 2002; Lee et al., 2000] . Therefore, simultaneous induction of angiogenesis and arteriogenesis, which is the process of maturation of preexisting arteriolar collateral connections by their remodeling, would be an optimal clinical outcome. Indeed, the majority of current approaches for therapeutic neovascularization aim at delivering highly effective angiogenic factors to the ischemic regions of limb or heart to simulate vessel sprouting and remodeling of the newly formed capillaries [for a review see: Cao et al., 2005] .
Synergistic effect on blood vessel formation of VEGF165 isoform delivered in AAV vector together with angiopoietin-1 (Ang-1), which is required for vessel maturation, was observed by Arsic and coworkers [Arsic et al., 2003] . Adult male Wistar rats showed increased number of CD31-and α-SMA-positive cells and increased perfusion of the tibialis anterior muscle. Moreover, co-expression of VEGF165 with Ang-1, which did not display angiogenic effect per se, remarkably reduced leakage of vessels produced by VEGF165 alone.
Different combinations of other angiogenic growth factors, FGF2, VEGF and platelet-derived growth factor-BB (PDGF-BB), were studied by Cao and coworkers in mouse corneal micropocket assay and rat hindlimb ischemia model [Cao et al., 2003] . In this study, administration of single angiogenic factors, FGF2, PDGF-BB or VEGF was unable to stimulate stable vascular networks. In contrast, combination of FGF2 and PDGF-BB (FGF2/PDGF-BB), but not VEGF and PDGF-BB (VEGF/PDGF-BB) or VEGF and FGF2 (VEGF/FGF2), synergistically induced angiogenesis and functional vessels. The authors suggest, that FGF2, in contrast to VEGF, is able to up-regulate both PDGFR-α and PDGFR-β receptors leading to activation of PDGFR-transduced signaling pathways in newly formed blood vessels and their stabilization. Interestingly, very recently Kano and coworkers have shown, that VEGF together with FGF2 play unique role in synergistic enhancement of endogenous PDGFB -PDGFR-β signaling in mural cells, what promotes mature blood vessel formation in vivo in the Matrigel plug assay [Kano et al., 2005] . Possible explanation of the mural cell recruiting after VEGF/ FGF-2 treatment, according to authors suggestions, is the complementary function of both agents. Indeed, PDGF-BB was shown to be induced in endothelial cells by VEGF-A [Arkonac et al., 1998 ], and FGF-2 stimulated the expression of PDGFR-β in mural cells [Kano et al., 2005] . On the other hand, another report noted selective up-regulation of PDGFR-α, but not of PDGFR-β, in vascular smooth muscle cells by FGF-2 [Schollmann et al., 1992] . Thus, the effect of FGF-2 on the formation of mature blood vessels still needs to be elucidated, as PDGFR-β has only been found in capillaries in contrast to arterioles, which express both the PDGFR-α and the PDGFR-β [Hao et al., 2004] .
Kano and coworkers noted significantly weaker effect on the number of mature vessels in the Matrigel plug assay after VEGF/PDGF-BB or FGF2/PDGF-BB in contrast to VEGF/FGF2 application. One of the possible explanations is the effect of overwhelmed endogenous distribution of PDGF-BB by exogenously delivered molecule and in fact impairment in blood vessel stabilization by mural cells [Kano et al., 2005] . Therefore, exogenous PDGF-BB, either sole or in combination with other growth factors, should be used with caution.
Since it is clear that new vascular network formation is a result of precise, "harmonic interplay" of different growth factors, combined multigene approach has gained a lot of attention in the field of cardiovascular gene therapy. However, many additional investigations need to be performed to elucidate the real cross-talk between all of those compounds in order to establish their optimal combinations.
COMBINED CELL-AND GENE THERAPY Separate Delivery of Vectors and Stem Cells
Cell therapy, similarly to gene therapy, has been proven to be effective to promote neovascularization in various animal models. It has been shown that bone marrow-derived stem/progenitor cells differentiate into circulating endothelial progenitor cells (EPCs), and home to sites of ischemia to contribute to neovascularization, tissue/vessel remodeling, and cardiac regeneration probably by paracrine effects [for a review see: Losordo & Dimmeler, 2004] . Although the exact mechanism regulating differentiation and homing of EPCs still remains unclear, plenty of experimental studies have shown the great advantage of this form of therapy. And as usually, the promising results from animal models promoted the initiation of randomized clinical pilot trials, without (TOPCARE-AMI) [Britten et al., 2003 ], (BOOST) [Wollert et al., 2004] or with placebo group (REPAIR-AMI) [Schachinger et al., 2006] . These studies have demonstrated the feasibility and safety of administering progenitor cells derived from autologous bone marrow to the myocardium of patients with ischemic heart disease. Cell transfer did not increase the risk of adverse clinical events, in-stent restenosis, or proarrhythmic effects. While clinical efficacy data are still rare, the few controlled trials that have been completed uniformly show a tendency towards better heart function in cell-treated patients [for a review see: Stamm et al., 2006] . Recent reports indicate that cardiologic patients may benefit even more from a combination of stem cell-based and gene therapy. Mobilization of EPCs to the blood occurs after release of cytokines, such as VEGF, stromal derived factor-1 (SDF-1), Ang1 or bFGF, from ischemic tissue. However, this process may be impaired, as the number of EPCs in blood correlates with risk of cardiovascular disorders, such as diabetes [Loomans et al., 2005; Urbich & Dimmeler, 2005] , hypercholesterolaemia [Urbich & Dimmeler, 2005] and hypertension [Vasa et al., 2001] . Loss or ageing of EPCs may contribute to incorrect function of blood vessels. Therefore, Shintani and coworkers hypothesized that combining sub-therapeutic doses of cell and gene therapy may allow to overcome the inability of some patients to recruit the EPCs from the bone marrow. Human CD34(+) cells were implanted to ischemic hearts of immunodeficient rats together with local injection of plasmid encoding human vascular endothelial growth factor 2 (phVEGF2, phVEGF-C). Combination therapy was associated with an increased number of circulating EPCs, what contributed to improved fractional shortening, increased capillary density, and reduced infarct size compared with the therapy using only one compound [Shintani et al., 2006] .
In another study, application of autologous bone marrow mononuclear cells (BM-MNCs) and injection of plasmid vector encoding Ang-1 was investigated in a rabbit model of operatively induced unilateral hind limb ischemia. Such therapy was able to increase the number of large and small collateral vessels leading to improvement of functional neovascularization determined as the measurement of transcutaneous oxygen pressure and improvement in skin ulcer score. It tends to speculate, that the beneficial effects of such combined therapy may be related to the ability of BM-MNCs to secrete various angiogenic cytokines that harmonize the process of natural neovascularization together with Ang-1 [Kobayashi et al., 2006] .
Genetic Modification of Progenitor Cells
EPCs strongly express anti-oxidative enzymes, such as catalase, GPx-1 and MnSOD, which make them resistant to oxidative stress [Dernbach et al., 2004] . Age-related or disease-linked loss of this anti-oxidative potency may result in severe impairment of EPC functions. Meanwhile, experimental deficiency of MnSOD [He et al., 2004] or GPx-1 [Forgione et al., 2002] decreases cell viability, making them more vulnerable to oxidative stress. Moreover, it seems that such changes may result in impairment of growth factor production by EPCs and contribute to the decrease of their vasculogenic potency, what has been observed in GPx-1 deficient mice [Galasso et al., 2006] .
The genetic modification of EPCs may overcome this loss of function and improve the efficiency of cell-based therapeutic angiogenesis. There are efforts in order to create the progenitor cells not only of a better redox phenotype, but also of more efficient angiogenic potential. Accordingly, ex vivo transfection of endothelial progenitor cells with VEGF enhanced EPC proliferation, adhesion, and incorporation into endothelial cell monolayers in vitro [Iwaguro et al., 2002] . Moreover, these VEGF-modified EPCs augmented naturally impaired neovascularization in an animal model of experimentally induced limb ischemia.
Recently, efforts have been also made to dissect the regulatory pathways that control the phenotypes of stem cell populations. Some of them focused on the role of glycogen synthase kinase-3β (GSK3β), which is a serine/threonine kinase under the control of Wnt and phosphoinositide 3-kinase/Akt signaling pathways [Choi et al., 2004] . This protein has been shown to be involved in the negative regulation of angiogenesis through its ability to modulate vascular endothelial cell migration and survival [Kim et al., 2002] . In the study by Choi and coworkers catalytically inactive GSK3β (GSK3β-KM) was used to modify EPC from human peripheral blood. Such genetically modified EPC displayed enhanced proliferation, survival, and differentiation in vitro and enhanced vasculogenic potential in vivo [Choi et al., 2004] . These effects were probably mediated by increased VEGF and IL-8 expression.
Other Approaches
VEGF and FGF family members were the most widely studied growth factors in experimental and clinical trials of therapeutic angiogenesis. Nevertheless, there are plenty of other angiogenic agents, the role of which in the process of new blood vessels formation has been already well documented in experimental studies (Table 1) . As the choice of the proper angiogenic growth factor is one of the conditions of the successful gene transfer, their investigation in large gene therapy trials would be also reasonable.
Hepatocyte growth factor (HGF), although originally identified as a potent mitogen for hepatocytes [Strain et al., 1982] , induces angiogenesis in various animal models through exerting mitogenic action also on endothelial cells [for a review see: Morishita et al., 2004] . Currently ongoing double-blinded, placebo-controlled HGF-STAT clinical trial tests the effectiveness of plasmid DNA containing HGF in the treatment of critical limb ischemia [Powell et al., 2004] .
VEGF-D is a member of VEGF growth factors family and it is synthesized and secreted as a large precursor form that is proteolytically processed into mature form (VEGF-D N C ) comprising the central VEGF homology domain [Stacker et al., 1999] . Unprocessed form of VEGF-D preferentially signals through VEGFR-3 leading to the induction of lymphangiogenesis, but the mature form efficiently triggers VEGFR-2 signaling and stimulates blood vessel formation. Adenoviral administration of VEGF-D ΔNΔC to the ischemic rabbit hindlimb resulted in a strong increase in the mean capillary area and vascular permeability, pointing at angiogenic action of this agent very similar to VEGF-A [Rissanen et al., 2003a] .
The inability to generate collateral vessels in many patients with chronic vascular insufficiency may be associated with a failure to appropriately increase angiogenic growth factor production with hypoxia or ischemia [Schultz et al., 1999] . Therefore, stimulation of endogenous gene expression by the application of transcription factors, such as HIF-1α, may overcome this impairment, leading to efficient angiogenesis. Constitutive overexpression of a hybrid protein consisting of DNA-binding and dimerization domains from the HIF-1α subunit and the transactivation domain from herpes simplex virus VP16 protein (HIF-1α/VP16) was able to induce angiogenesis in various animal models of ischemic skeletal muscles and myocardium [Vincent et al., 2000; Shyu et al., 2002; Pajusola et al., 2005] . Recently, Luo and coworkers have shown that Ad2/HIF-1α/VP16 was able to activate HRE sequence in the promoter of brain natriuretic peptide (BNP) [Luo et al., 2006] . As BNP is known to be cardioprotective, this study provides support for the therapeutic use of the chimeric HIF-1α/VP16 protein in coronary heart disease. Nevertheless, still there is a need for additional, detailed investigation, as HIF-1α is a key regulatory molecule that acts upon a large number of downstream gene networks. As suggested by Wilhide and Jones, particularly useful would be comprehensive gene expression profiling coupled with functional analysis of HIF-1α/VP16-regulated genes.
The results of such studies will elucidate the mechanism of beneficial effects and address concerns regarding potential adverse effects of activating specific HIF-1α/VP16-dependent gene programs [Wilhide & Jones, 2006] .
Another promising approach is the use of a macrophage-derived peptide, PR39, that was shown to inhibit the ubiquitin-proteasome-dependent degradation of HIF-1α protein, leading to accelerated formation of vascular structures in vitro . Moreover, PR39 overexpression in murine hearts under the control of the MHC promoter, as well as subcutaneous implantation of this agent mixed with Matrigel resulted in robust angiogenesis. In study by Post and coworkers adenoviral delivery of this arginine-rich peptide (Ad-PR39) into the chronically ischemic pig myocardium, resulted in local induction of VEGF and FGF signaling pathways. Up-regulation of VEGF, FGFR-1 and syndecan-4 was associated with the increased vessel size and number, what further improved perfusion of the myocardium and increased the target wall motion pointing at the functional improvement of myocardial contractility [Post et al., 2006] . Thus, at this point, it is hard to clearly define, whether observed effect was mediated by induction of HIF-1α or other up-regulated agents, like FGFR-1. Final proof of the real efficacy of PR39 protein, as well as stabilized HIF1α , in humans awaits carefully designed randomized, double-blinded, placebo-controlled clinical trials.
Several years ago, the concept has been introduced that in the setting of ischemia, vascular and neural factors may cooperate to promote tissue repair. Indeed, while the significant role of VEGF in angiogenesis is unquestioned, recent studies show some direct effects of VEGF and its both receptors on the nervous system in terms of neuronal growth, survival, axonal outgrowth, and neuroprotection.
Using two different animal models of diabetes Schratzberger and coworkers have shown, that angiogenic growth factors may constitute a novel treatment strategy for diabetic peripheral neuropathy. VEGF overexpression restored proper vascularization of diabetes-affected nerves and resulted in restoration of large and small fiber peripheral nerve function [Schratzberger et al., 2001] . Additionally, VEGF gene therapy was reported to have a direct neuroprotective effects on motoneurons in vivo and prolonged the progression of amyotrophic lateral sclerosis (ALS) and survival of SOD1(G93A) mice, an animal model of ALS [Azzouz et al., 2004] .
Moreover, VEGF may act as a neutrotrophic factor and can produce neurogenic effects on neuronal progenitors. In this regard, Cao and coworkers have recently reported that neuronal expression of VEGF in the rat hippocampus enhanced neurogenesis and that the phenomenon was associated with improved cognition independent of endothelial cell proliferation [Cao et al., 2004] .
On the other hand, nerve growth factor (NGF) which regulates neuron survival and differentiation has been implicated in the promotion of new blood vessels formation. Continuous treatment with NGF protein for 14 days enhanced the spontaneous neovascularization of ischemic adductors, encompassing increased capillary sprouting and arteriole growth [Emanueli et al., 2002] . Amplification of reparative neovascularization accelerated the rate of local perfusion in the mice adductor muscle to the levels recorded before ischemia. This local increase in capillary density has been suggested to be associated with the activation of the VEGF-Akt-NO-dependent pathway, as in normoperfused muscles NGFinduced capillarization was blocked by VEGF-neutralizing antibodies, dominant-negative Akt, or NO synthase inhibition [Emanueli et al., 2002] . It remains to be established whether similar efficiency can be obtained with NGF gene transfer.
Thus, the pleiotropic effects of both VEGF and NGF in the cardiovascular and nervous system may initiate some new ideas for the treatment of neurodegenerative diseases, such as Alzheimer's and Parkinson's, as well as of numerous angiogenesis-dependent diseases, such as cancer, arthritis and diabetes.
Another agent of pleiotropic function that has been shown to possess potent angiogenic effects is kallikrein, a member of the serine proteinase superfamily. Kinin peptides formed by the enzymatic cleavage of kininogen by kallikrein bind G-protein coupled subtype B1 and B2 receptors. Activation of kinin receptors, through stimulation of nitric oxide-cGMP and prostacyclin-cAMP pathways, modulates a broad spectrum of biological functions, such as regulation of local and systemic hemodynamics, vascular permeability, electrolyte and glucose transport, preservation of muscular energy content [Emanueli et al., 2000] . Moreover, this protein has been found to exert proliferative effects on endothelial cells via an IP3K-Akt-NO mediated mechanism independently of VEGF [Emanueli et al., 2004] . Intramuscular delivery of adenovirus encoding human kallikrein gene under the control of the CMV promoter (AdCMVHK) enhanced the capillary density in normoperfused mice skeletal muscle [Emanueli et al., 2000] , as well as accelerated the spontaneous angiogenesis caused by ischemia [Emanueli et al., 2001 ].
CONCLUSIONS
Despite undeniable success of proangiogenic gene therapy in many experimental studies, clinical benefits still do not fulfill the expectations. Plenty of different agents can be responsible for that, just to mention an inefficient therapeutic agent, a wrong dose, a less-than-optimal route of administration, an inefficient delivery system, or insufficient duration of the treatment [for a review see: Yla-Herttuala et al., 2004] . Optimization of these basic issues is therefore of great importance for clinically successful vascular growth factor therapy.
A big step forward would be, unquestionable, the finding of a proper carrier, efficiently delivering therapeutic genes into the target tissue of the host organism. AAV vectors still hold this great promise, especially in the light of recent findings showing the great superiority of the newly discovered AAV serotypes over AAV2 that have been most widely used so far.
The concept of pre-emptive gene therapy exerted by proteins with anti-oxidant and antiinflammatory properties is a novel approach offering exciting possibilities. It is therefore suggested that in future the pre-emptive myocardial gene therapy may find its utility in selected high-risk patients undergoing an interventional or a surgical revascularization procedures [Agrawal et al., 2004] . Current efforts in order to create the progenitor cells of a better redox and angiogenic phenotype, makes the therapy even more attractive, as it may confer cardioprotection and initiate the repair process at the same time. Pre-emptive-gene therapy. The concept of pre-emptive gene therapy was originally based on the protective action of brief episodes of ischemia occurring several hours prior to a myocardial infarction (preconditioning). Proteins up-regulated under such conditions exert anti-oxidant and anti-inflammatory properties, when the subsequent longer ischemia occurs. Pre-emptive administration of a therapeutic gene, like iNOS, MnSOD, Hsp, HO-1, under the control of constitutive cytomegalovirus (CMV) promoter or hypoxia regulated element (HRE), activated by a brief episodes of ischemia prior to myocardial infarction or critical limb ischemia, is believed to confer the fast protective mechanism of adaptation to reperfusion-mediated injury. Modifications of AAV2 capsid. All procedures provide new vectors of a new cell-binding capacity, enhanced tissue tropism and ability to escape the anti-AAV2 immune response. A) Transcapsidation (cross-packaging) -packaging AAV genome containing an ITR from one serotype (AAV2) into the capsid of another serotype (AAV9). B) Adsorption of bi-specific antibody made from an AAV-specific antibody, chemically linked to another antibody that binds specifically to a cellular receptor known to be highly expressed on the targeted cell type (for e.g. endothelial cell). C) Mosaic capsid is composed of a mixture of viral capsid proteins from different serotypes (for e.g. AAV1 and AAV2) provided with separate plasmids mixed at a various ratios. During viral assembly, capsid proteins coming from different AAV serotypes are mixed in each virion, at subunit ratios stoichiometrically reflecting the ratios of the complementing plasmids. D) Chimeric capsid is generated by an insertion of a foreign peptide sequence (for e.g. SIGYPLP or QAGTFALRGDNPQG) into the open reading frame of the capsid gene after the position R587 in the Cap sequence. Table 1 Examples of the Recent Experimental Studies for Cardiovascular Gene Therapy 
